Fatty acids were quantified in oleaginous seeds: pistachio, almonds, European nuts, cashew nuts, hazelnuts, Brazil nuts, pecan nuts, and macadamia nuts. Three brands of each sample were purchased in three lots (n = 9). The proximate composition, energetic value, and fatty acids (FA) were determined by gas chromatography. All seeds had large amounts of total lipids and the highest contents (ca. 70%) were found in macadamia, pecan, and European nuts. The samples had significant amounts of crude protein. Pistachio and cashew nuts had the greatest amount (ca. 20%), as well as the largest carbohydrate contents (32%). All seeds were rather energetic, ranging from 600 to 760 Kcal.g . From seven to nine FA were identified and quantified, oleic (n-9) and linoleic (n-6) acids were the major acids. Essential fatty acid α-linolenic (n-3) was found in European nuts (except pistachio) with an n-6/n-3 ratio (4:1) that is very beneficial to health. Trans FA were also observed in salted roasted cashew nuts. The major saturated FA (SFA) was palmitic, stearic, and arachidonic acids, however, their amounts were much lower than those of polyunsaturated acids (PUFA) and monounsaturated acids (MUFA). European nuts had the greatest PUFA/SFA ratio (9), followed by almonds (3.6).
Introduction
Oleaginous seeds are edible seeds that have low water contents and high oil or starch contents involved in a hard shell. Seeds in this category include nuts, almonds, Brazil nuts, hazelnuts, pistachio, and others.
These tree seeds contain vegetable protein, unsaturated fatty acids, fibers, vegetable steroids, and phytochemical micronutrients, such as tocopherols (Kornsteiner, Wagner, & Elmadfa, 2006) .
Oleaginous seeds have been part of human diet since pre-historical times and are considered the first foods consumed by human beings, together with fruit (Salas-Salvado, Casas-Agustench, & Salas-Huetos, 2011). Fruit remains have been found in archeological sites dating back to 10,000 B. C. (Ritter & Savage, 2007) . 2010), monounsaturated FA (oleic acid, n-9), and polyunsaturated FA (linoleic fatty acid, n-6, and α-linolenic acid, n-3) (Naozuka, Vieira, Nascimento, & Oliveira, 2011; Alexiadou & Katsilambros, 2011) .
Studies indicate that the regular consumption of oleaginous seeds is associated with a reduced risk of fatal ischemia, cardiac diseases, and type-2 diabetes (Ritter & Savage, 2007; Jun, 2009; Yada, Lapsley & Huang, 2011; Alexiadou & Katsilambros, 2011; Yang, Liu, & Halim, 2009; Esfahlan, Jamei, & Esfahlan, 2010) . Another study also indicates that the substitution of half of the daily intake of lipids from other foods with lipids from seeds decreases the levels of total cholesterol and LDL in human beings significantly (Esfahlan, Jamei, & Esfahlan, 2010) .
Over 80,000 women who ate oleaginous seeds five times a week had the risk of cardiac disease reduced by 35% and of type-2 diabetes by 27%. Additionally, individuals who ate nuts tended to weigh less. A study carried out in 10 European countries showed that women who ate 6.2 g of oleaginous seeds a day had the risk of colon cancer reduced by 31%. According to Yang, Liu and Halim (2009) , eating oleaginous seeds reduces the risk of cardiac diseases, which can be partially explained by the effect of the reduction in cholesterol.
Composition data are also essential for nutrition researchers, health professionals, and for food labeling (Yada, Lapsley, & Huang, 2011) . Given the nutritional importance of oleaginous seeds and the different nutritional compositions of these seeds due to environmental conditions and the species traits, the characterization of their nutrients is of great relevance. This study reports on the investigation of the nutritional composition of seed oils consumed by the Brazilian population.
Materials and Methods

Sampling
Samples of macadamia nuts (Macadamia integrifolia), pecan nuts (Caryaillinoensis K.), European nuts (Juglansregia L.), raw pistachio (Pistaciavera L.), salted roasted pistachio (SR), hazelnuts (Corylusavellana), raw almonds (R) (Prunusdulcis), salted roasted almonds (SR), Brazil nuts (Bertholletiaexcelsa), raw cashew nuts (R) (Anacardiumoccidentale L.), salted roasted cashew nuts (SR) purchased from local stores were analyzed.Three brands of each seed and three lots of each brand were analyzed in triplicate.
The samples were grounded in a food processor until they were homogeneous, vacuum packed, wrapped in aluminum foil and frozen stored until analysis.
Chemical Analysis
The moisture and ash contents were determined following Association of Official Analytical Chemists (Cunniff, 1998) and the crude protein content, by the Kjeldahl method (Instituto Adolfo Lutz, 2005) .
The total lipids were extracted according to Bligh and Dyer (1959) , and the total lipid contents were determined by gravimetry.
The carbohydrate content was calculated by difference: 100 -(% moisture + % ashes + % crude protein + % total lipids). The energy content in Cal (1 Cal = 1.000 cal = 1 Kcal) of the samples was calculated as the sum of percent crude protein and total carbohydrates times factor 4 (Cal. g -1 ) added to the total lipid content times factor 9 (Cal.g -1 ), that is, the energetic value, Cal = [(4 x protein content) + (4 x carbohydrate content) + (9 x total fat content)] (Holands, 1994) .
Fatty Acids Analysis
Fatty acid methyl esters (FAME) were prepared as described by Hartman and Lago (1973) and adapted by Maia and Rodriguez-Amaya (1993) . The esters were stored at -18°C for later analysis. FAME were separated by gas chromatography in CP-3380 (Varian, USA) fitted with Star software, a flame ionization detector, and a fused silica capillary column CP-7420 (100 m, 0.25 mm and 0.39 µm i.d. 100% bound cyanopropyl, Varian, USA). Chromatographic analysis conditions were: Carrier gas flow rate of 1.4 ml.min -1 (H 2 ), Auxiliary gas flow of 30 mL.min -1 (N 2 ), and 30 and 300 mL.min -1 of H 2 and flame synthetic air, respectively. The split ratio used was 1/80. Injections were made in triplicate in volumes of 2.0 L. FA were identified by comparison with retention times of standard FAME containing geometric isomers of linoleic and -linolenic acids (Sigma FAME).
Methyl tricosanoate (23:0), 1.0 mg.mL -1 in isooctane was used as an internal standard in quantifications. The internal standard was added to the esterification tube and the solvent was evaporated under nitrogen flow. The sample was weighed in the same tube. The FA identified in the samples were determined in mg.g -1 of sample using Equation 1 (Visentainer, 2006) :
where:
M x = Mass of fatty acid X in mg/g of sample.
M P = Mass of internal standard in mg.
M A = Mass of sample in g.
A X = Area of fatty acid X.
A P = Area of the internal standard.
F CT = Theoretical correction factor.
F CEA = Factor of conversion of methyl esters into fatty acids.
Statistical Analysis
The mean fatty acid values were statistically analyzed using ANOVA and comparisons completed using Tukey's test. Significance at 5% was used to establish differences. Data were processed using the Statistica 5.0 Software (Statistica, 2005) .
Results and Discussion
The results (%) of moisture, crude protein, ash, total lipid, calorie, and carbohydrate contents were obtained from the means of values of three brands of the same seed are given in Table 1 .
The analysis of the results shows a significant variation between some samples. All samples had low moisture percent values, between 1.26 (European nuts) and 3.85% (R cashew nuts). The ash results ranged from 1.25 to 4.76% for pecan nuts and SR pistachio.
The samples of European nuts, pecan, and macadamia nuts had the lowest and statistically equal amounts of crude proteins (12.37, 9.13 and 10.40%, respectively). SR almonds, R cashew nuts, and SR cashew nuts presented crude protein contents in the range of 18.05 to 19.10%, which were statistically equal to each other and to those of R almonds and Brazil nuts. SR pistachio and R pistachio had the largest and statistically equal contents of crude protein (20.26 and 20.54 %, respectively), which were also equal to those of R almonds, SR almonds, R cashew nuts and SR cashew nuts. Therefore, the consumer interested in buying seeds with higher protein content is advised to buy pistachio, almonds, and cashew nuts.
All samples had large amounts of total lipids with significant differences among some. The greatest amounts of total lipids were found in macadamia nuts (71.76%), pecan nuts (68.81%), Brazil nuts (65.21%), and European nuts (65.05%); all other samples were statistically equal. Hazelnuts, R almonds, SR almonds also were significantly equal, forming the group with the second greater value of total lipids (55.75, 53.58 and 52.70%, respectively).
R pistachio samples had 46.83% total lipids and were equal (p< 5 %) to R almonds and SR almonds. SR pistachio samples had 45.97% total lipids and were equal (p <5 %) to R pistachio and SR almonds. The lowest amounts of total lipids were found in R cashew nuts and Results given as means ± standard deviation of triplicate analysis of three different brands of seeds in three different lots of each brand (n = 27), except raw pistachio (n = 9). Different letters in the same column indicate a significant difference by Tukey's test at 5% level of confidence.*R = raw, SR -salted roasted or toasted salted. ** Total Carbohydrates were calculated by difference: 100 -(% moisture + % ashes + % crude protein + % total lipids) [14] .***Caloric value (kcal) of the sample was calculated by the sum of the percentages of crude protein and total carbohydrates multiplied by factor 4 (Cal.g -1 ) added to the total lipid content multiplied by factor 9 (Cal.g -1 ) (Holands, 1994) .
SR cashew nuts, with 42.98 and 44.73%, respectively. These values were statistically equal and equal to those of the R pistachio and SR pistachio samples.
The contents of carbohydrates were the lowest in Brazil nuts (13.50%), pecan nuts (17.74%), macadamia nuts (19.09%), and European nuts (19.72%). Cashew nuts had the greatest carbohydrate content (ca. 32%), while the other seeds had between 22 and 27%.
The calculated energy values showed that all the seeds were very caloric, as expected, due to their high lipid contents. The energy values of pistachio and cashew nuts were ca. 600 kcal/100g and 760 kcal/100g for macadamia nuts, the samples which had the lowest and the highest lipid contents, respectively. Therefore, the ingestion of cashew nuts is advisable when one wants the lowest energy content (lowest lipid content) and the greatest carbohydrate and crude protein contents.
No difference was observed in the proximal composition between raw and salted roasted cashew nuts. Tables 2 and 3 give the contents of the major FA and the summation values of SFA, PUFA, and MUFA in g.100 g -1 and the PUFA/SFA and n-6/n-3 ratios of the seeds analyzed calculated from the averages of the brands of the same seed for comparison with the results of the different samples. Results given as means ± standard deviation of triplicate analysis of three different brands of seeds in three different lots of each brand (n=27). Different letters in the same column indicate a significant difference by Tukey's test at 5% level of confidence. *R = raw, SR -salted roasted or toasted salted, **nd = not detected. , 0.07±0.003 b and 0.66±0.025 a g.100 g -1 of sample. The crispness, aroma, and flavor of roasted cashew nut are in fact developed by frying. Crispness is obtained by immersing the nuts in hydrogenated vegetable fat (trans fat) at 135°C for 1-2 min. In these conditions, to obtain crispness, valuable nutritional properties are lost and a toxic load is added: Trans fat and by-products of its thermal degradation. There were no trans fatty acids in other oleaginous fruits because only toasted cashew nuts were fried in hydrogenated fat. The trans FA content of SR cashew nuts of brands A and B were statistically equal (0.06 and 0.07 g.100 g -1 of sample) and much lower than those of brand C (0.66 g.100 g -1 of sample), which was statistically different. The World Health Organization (WHO, 1995) recommends the ingestion of not more than 1% of trans fat in the diet calories. According to WHO (1995) , each gram of fat corresponds to 9 calories; thus, an adult that consumes www.ccsenet.org/jfr Journal of Food Research Vol. 2, No. 1; 2013 2,000 calories a day should not consume more than 2 g of trans fats. Therefore, if a person consumes 100 g of cashew nuts of any of the studied brands in a day, the intake of trans fats will still be within the safe levels.
The FA values varied among some samples and no significant difference in any FA was found between the raw and salted roasted seeds studied. The FA found in greater amounts were 18:1n-9 and 18:2n-6, with significant differences among all samples.
R almonds, SR almonds, R cashew nuts, SR cashew nuts, and SR pistachio had 27.85; 25.25; 24.47; 24.10 and 21.78 g.100 g -1 of sample of FA 18:1n-9, respectively, values which were statistically equal. R pistachio had 22.70 g.100 g -1 of sample of 18:1n-9, which was statistically equal for SR pistachio, SR almonds, R cashew nuts, SR cashew nuts and Brazil nuts. The content of 18:1n-9 in the lipid fraction ranged from 50 to 60%.
In contrast, FA 18:2n-6 was found in larger amounts in European nuts (33.03 g.100 g -1 of sample and 52% of the lipid fraction), values statistically different from those of the other samples. The second largest amount was found in Brazil nuts (22.57 g.100 g -1 of sample), responsible for about 40% of the total lipids and a significant difference in all seeds.
Samples of R almonds, R pistachio, SR almonds, SR pistachio, and pecan nuts presented amounts of FA 18:2n-6 of 14.28, 12.85, 12.59, 10.92 and 10.27 g.100 g -1 of sample, respectively, with no significant difference. Pecan nuts had 15% of 18:2n-6 in total lipids, and the other seeds had about 25%.
The SFA found in greater amounts were 16:0 and 18:0, ranging from 0.4 and 8.4 g.100 g -1 of sample. FA 16:0 in hazelnuts, European nuts, R almonds, SR almonds, R cashew nuts, SR cashew nuts, and pecan nuts were statistically equal with values between 2.7 and 3.5 g.100 g -1 of sample, which corresponded to 4 and 7% of the lipid fraction.
Finally, Brazil nuts had greater and statistically different values of 16:0 (8.36 g.100 g -1 of sample, equal to 13% of the total lipids).
Greater contents of FA 18:0, were also found in Brazil nuts (4.85 g.100 g -1 of sample) with significant differences from the other samples. SR pistachio, R pistachio, hazelnuts, European nuts, R almonds, and SR almonds had statistically equal amounts of 18:0 between 0.39 and 18:0 g.100 g -1 of sample.
Additionally, statistically equal amounts of FA 18:0 of 2.82 and 3.13 g.100 g -1 of sample were found in R and SR cashew nuts, respectively. Pecan and macadamia nuts had 1.30 and 2.01 g.100 g -1 of sample, values which were also statistically equal. The amounts of 18:0, in European nuts, R and SR almonds; pecan nuts, European nuts, pecan nuts and macadamia nuts; R cashew nuts and macadamia nuts were also statistically equal.
Another SFA found in the samples was 20:0, but its values were lower than 0.3 g.100 g -1 of sample, except in macadamia nuts, which had 1.48 g.100 g -1 of sample. The values of all samples, except macadamia nuts, were equal.
Essential FA 18:3n-3 was not found in R and SR pistachio, but was found in very small quantities (from 0.01 to 0.45 g.100 g -1 ), with European nuts standing out with 8.31 g.100 g -1 of sample, a value statistically different from those of the other samples. Thus, 13% of the total lipids of European nuts are FA 18:3n-3. Besides European nuts, pecan nuts also had statistically different and higher values of 18:3n-3 (0.45 g.100 g -1 of sample, 8% of the total lipids). All the other samples were statistically equal. Table 3 gives the calculated n-6/n-3 ratios of all seeds. Among the benefits of a low n-6/n-3 ratio are the reduction of 70% in the mortality ratio in cardiovascular patients, the reduction of inflammation caused by rheumatoid arthritis, and the reduction of the symptoms of asthma (Martin, Almeida, Ruiz, Visentainer, Matshushita, Souza, & Visentainer, 2006) . Additionally, the values were high for most samples, ranging from ca. 100 in cashew nuts and hazelnuts, to ca. 400 in Brazil nuts, up to ca. 1400 in almonds. Now, pecan and macadamia nuts had lower ratios, 23 and 11, respectively. However, the calculated essential FA n-6/n-3 ratio of European nuts is very low, 3.97, which makes this seed very healthy, as according to Simopoulos (2004) , this ratio must be between 1:1 and 4:1. Therefore, European nuts have significant amounts of 18:3n-3, with a very beneficial n-6/n-3 ratio (4:1). Therefore, this is a choice for the intake of larger amounts of n-3 family FA.
The amounts of FA 16:1n-7 were low in these samples, expect in macadamia nuts, which have 11.19 g.100 g -1 of sample, accounting for 16% of the total lipids.
Another FA found in low amounts in the seeds was 20:1n-9. The largest amount was found in macadamia nuts (1.46 g.100 -1 of sample). The other samples had from 0.03 to 0.20 g.100 g -1 of sample. All samples were equal (p < 5%), except macadamia nuts.
The sum of SFA in Brazil nuts were the highest (13.34 g.100 g -1 of sample, 23% of the total lipids), a value that was statistically different from those of the other samples. Macadamia nuts had 9.08 g.100 g -1 of sample of SFA with significant differences from other seeds. SFA represent 14% of the total lipids in pistachio samples, cashew nuts and macadamia nuts, and 7% in hazelnuts, European nuts, almonds and pecan nuts.
The MUFA summation was the greatest in macadamia and pecan nuts, 51.83 and 44.21 g.100 g -1 , respectively, with statistically equal values. However, pecan nuts were also equal to hazelnuts, 40.06 g.100 g -1 of sample. R and SR pistachio, R and SR almonds, R and SR cashew nuts had MUFA contents ranging from 22.36 to 28.07 g.100 g -1 of sample. The samples were statistically equal.
Brazil nuts had 18.16 g.100 g -1 of sample of MUFA, being equal to R and SR cashew nuts, SR almonds, and R pistachio. The lowest sums were found in European nuts (10.02 g.100 g -1 of sample).
The analysis of the results in Tables 2 and 3 shows that MUFAS (16:1n-7, 18:1n-9 and 20:1n-9) add up to 20% (European nuts) and 81% (macadamia nuts) of the total lipids present in the samples, 18:1n-9 being responsible for almost all this amount. Most of the samples had over 50% MUFA of the total lipids. These results are considered very beneficial to human health, as this class of FA is responsible for the reduction of LDL and total cholesterol, and the preferential ingestion of this type of fat is recommended.
However, it was observed that some of these oleaginous fruits have very high values of the n6/n3 ratio as cashew nuts (100), the Brazilian nuts (400) and almonds (~1400), which decreases nutritional value of these foods. Therefore, those in need to reduce the LDL cholesterol levels must preferably consume macadamia nuts due to their higher MUFA contents and present a relatively low values of the n6/n3 ratio (Martin et al., 2006) .
The PUFA found in the samples were 18:2n-6 and 18:3n-3, with very little amounts of the latter in almost all samples, except in European nuts. Thus, nearly all PUFA in the seeds are due to 18:2n-6. However, it is believed that consumption of 18:2 n-6 can reduce LDL and total cholesterol, but if ingested in excess (above 10% of total calorie intake), this fatty acid can cause reduced beneficial cholesterol, HDL. Moreover, much higher amounts of 18:2 n-6 in relation to 18:3 n-3 results in high n6/n3 ratios, causing reduced production of eicosapentaenoic acid (EPA), which contributes to the development of allergic diseases , inflammatory and cardiovascular diseases (Martin et al., 2006) .
The PUFA summation did not vary significantly in SR pistachio, R pistachio, R almonds, SR almonds, and pecan nuts, with values ranging from 10.73 to 14.29 g.100 g -2 of sample. However, the contents in European nuts (41.34 g.100 g -1 of sample) and Brazil nuts (41.34 g.100 g -1 of sample) were higher, being significantly different from each other and from the other samples. R and SR cashew nuts were statistically equal, with 6.71 and 7.38 g.100 g -1 .
The summation of PUFA was lower in hazelnuts (4.72 g.100 g -1 of sample) and in macadamia nuts (1.15 g.100 g -1 of sample), which were significantly different from each other and the values of the other samples. Thus, a greater PUFA/SFA ratio of 9 was found for European nuts. Almonds had a ratio higher than 3.6. Values between 1.9 and 2.6 were found in pistachio and pecan nuts. Ratios between 1.0 and 1.7 were obtained for hazelnuts, cashew nuts, and Brazil nuts. However, macadamia nuts had a ratio of 0.13, much lower than the ideal limit of 0.45. However, this figure does not mean that they are unhealthy, as more than 80% of their lipid content is MUFA, which, as previously mentioned, are very beneficial to health.
Conclusions
As expected, all seeds had low moisture and high total lipid contents. Furthermore, all samples had significant amounts of crude protein, which is nutritionally valuable.
As to FA, among seven and nine FA were identified and quantified in the different samples. FA 18:1n-9 and 18:2n-6 had the greatest contents. Essential FA 18:3n-3 was also found, except in pistachio. However, European nuts had significant amounts, with an n-6/n-3 ratio of 3, beneficial to health (4:1). Additionally, SR cashew nuts also had trans FA, which may have been formed during the roasting process.
The present results indicate that the oleaginous seeds consumed by the Brazilian population have desirable nutritional characteristics, whereas these fruits have a value of SFA and PUFA much higher than SFA, and food are classified as "zero trans". However, macadamia nuts and europe nuts stood out among the other fruits for 
